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Mono-jet event from ATLAS (credit: CERN courier)
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why LHCDb

dark photon search from meson decay
(1509.0676, PRD 2015, P. llten, J. Thaler, M. Williams, WX )

dark photon search from inclusive di-muon
(1603.08926, PRL 2016, P. llten, Y. Soreq, J. Thaler, M. Williams, WX)

conclusion



Why LHCb 1)

* no pile-up

a7 HCAL
ECAL - M5
SPD/PS S M3 e
RICH2 M M2

e good vertexing :VELO detector (10 pm)
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* good invariant mass resolution (MeV)




Why LHCb 2)

* Run 3 triggerless readout:
removing the first-level hardware trigger
realtime calibration

no hardware limited
only disk space limitation

triggerless readout opens new possibilities for particle
physics search in Run3

we should test it right now!



Dark Photons

* U(1) dark photon can kinetically mix with photon

Standard Model matter fields, dark matter
Higgs & & dark force
g,W,Z, y
€ UV
§FWF

* effective Lagrangian
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» focusing : mass range of ma (€ MeV - 10 GeV)
e2 ~ 106, 1012
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Very Promising Channel:
Charm Meson
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* good vertex resolution
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; * why this region is hard?
10-9L oroduction rate is low

: boost is smaller
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Can we combine all the channels?

e The channels we can use

Bremsstrahlung /Drell-Yan process

meson decays

* Challenge 1: <

what is the signal rate”
many potential sources of dark photons
with uncertain production rates
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iNclusive dimuon search

* dark photon mix with photon and also vector mesons

* Background from EM process
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Background and Signal Rate

 amplitude generating dark photon
iMx oy =ice(Y | Tl | Xe(k),
* amplitude generating off-shell photon
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e ratio ( form factor are cancelled )

dopp—s x A= X+ p- _ 4 My

2
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Data driven method

e the continuous dimuon spectrum that LHC have is the
background.

* per mass bin

O¢+e— —hadrons

number of leptons with
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Events per 10 MeV
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Prompt Search

e “"good” Background
proportional to EM currents
Mesons, FSR/DY

e "bad” Background
* Beith-Helitler, subdominant, small photon PDF
Y wr
+ mis-identified pions ( fake rate ~ 107):
B - two pions are misidentified

B"™ - one pion is misidentified and one real muon
subtract them in a data-driven way ( same-sign dimuon )
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selections:

+ 2<n(u)<5

- p(u)>10GeV
+ pr(u2)>0.5GeV
- pr(A)>1.0GeV

- U isolation: |
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Possible improvement
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Conclusion
 VELO and triggerless readout

e dark photon search at LHCb

resonant search and displaced search

DO* > DO + y and inclusive search

the (di-muon) data-drive method can be applied to
other experiments

explore the new territory with current or future collider.
the next decade of collider results may give us the first
step to understand the hidden sector

| HCb search for new physics
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Introduction

LHCb Trigger [JINST 8 (2013) P04022]
L.O HLT1 HLT?2

p: pr > 4.8(1) GeV
0.7(5) kHz

pw: pr > 1.5 GeV
340 kHz

p: pt > 10(4.8) GeV

pp: m > 2.7(1)GeV
1.2(1.3) kHz

[T TE /p,lTp,2I, > 1.3 GeV

75 kHz

1 MHz 50 kHz
h: Ep > 3.5 GeV track: pp > 1.7 GeV
displaced vertex
405 kHz — 33 kHz —_—
e: Ep > 2.5 GeV
160 kHz
v: ET > 2.5 GeV
80 kHz

[ « movable LO thresholds and
M

pp: m > 4.8(3) GeV

inclusive topological

e: pr > 10 GeV
beauty BBDT

inclusive and

exclusive charm

software HLU'T

» low pr leptons/photons and
Hz tracks (IP > 0.1 mm) 5 kHz
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Why LHCb 1)

* No pile-up
e good vertexing :VELO detector (10 pm)

* good invariant mass resolution (MeV)
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